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MULTICAST SYSTEM, COMMUNICATION
APPARATUS, AND MULTICAST METHOD
FOR CONNECTION SETUP BEFORE
MULTICASTING

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a multicast system, a com-
munication apparatus, and a multicast method enabling a
communication system that requires connection setup before
multicasting to effectively utilize commumications media,
thus improving services.

2. Description of the Related Art

Internet protocols (IP) standardized by the Internet Engi-
neering Task Force (IETF) have been widely used for recent
communications. Examples of communications using IP
include point-to-point communication and multicast commu-
nication. Multicast 1s a technology that enables the same data
to be delivered simultaneously to a plurality of user terminals.
In multicast, a user terminal informs an upstream network
node of 1ts desire to join or leave a certain multicast group.
Upon receiving such a join or leave request for a multicast
group from a user terminal, the upstream network node con-
trols the delivery of multicast data to that user terminal.

The user terminal sends the join or leave request to the
upstream network node by using a protocol, such as Internet
Group Management Protocol (IGMP) or Multicast Listener
Discovery (MLD). IGMP includes IGMPv1 and IGMPv2. In
addition to the abilities of the IGMPv1, the IGMPv2 enables
a leave request to be quickly sent to the upstream network
node.

Besides, due to needs for broadbandization and availability
of telecommunications infrastructure, various broadband
technologies, such as wireless and passive optical networks
(PON), have been increasingly used. In the PON’s, light
transmitted along an optical fiber 1s split by an optical coupler
into a plurality of paths. The PON allows multiple user ter-
minals to share the same optical fiber, while wireless technol-
ogy allows multiple user terminals to share the same radio
frequency. That 1s, with such technologies, communications
media 1s shared by a plurality of user terminals, and therefore,
communication data is relatively easily eavesdropped by a
third party. For this reason, in the PON and the wireless
technologies, a connection 1s established on media between
nodes that communicate with each other, and data 1s logically
sorted and managed according to the established connection.

In the PON and the wireless communication systems that
require connection setup before multicasting, 1t 1s essential
that a multicast control protocol, such as the IGMP and the
MLD, which supports the network layer (Layer 3) of the OSI
model be compatible with connection control 1n the data link
layer (Layer 2) of the OSI model.

A conventional technique for multicast in the PON 1s dis-
closed 1n, for example, Japanese Patent Laid-Open No. 2004 -
343243. According to the technique, a station-side commu-
nication equipment: an optical line terminal (OLT), snoops an
IGMP message (a join or leave request, etc.) sent from a user
terminal, and performs signaling for connection control
depending on the content of the message.

The conventional techmque, however, has a disadvantage
that media, such as an optical fiber and radio frequency, 1s
consumed by signaling. A multicast-control message and a
connection-control message are both control information that
does not contain data to be provided to a user. In spite of this,
the transmission of such control information through shared
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communications media causes the pressure on bandwidth for
other users, thus reducing the quality of service.

Especially, in broadcast services, which are major services
that use multicast, channel switching (zapping) involves the
frequent transmission of both multicast-control messages and
connection-control messages. The control messages result in
the considerable waste of bandwidth. In addition, a plurality
ol control messages transmitted by one channel switching
leads to a control delay.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to at least partially
solve the problems 1n the conventional technology.

According to an aspect ol the present invention, a multicast
system 1ncludes a plurality of terminal units; a first commu-
nication apparatus that sends a request for transmission of
multicast data to a second communication apparatus and
delivers multicast data to at least one of the terminal units
upon receiving the multicast data from the second communi-
cation apparatus; and the second communication apparatus
that establishes a connection with the first communication
apparatus upon receiving a request from the first communi-
cation apparatus and transmits requested multicast data to the
first communication apparatus through the connection. The
first communication apparatus includes a first multicast-con-
trol message recerving unit that receives a first multicast-
control message from a terminal unit among the terminal
units requesting delivery of multicast data; a determining unit
that determines whether a connection needs to be established
for multicast data specified by recetved first multicast-control
message based on the first multicast-control message; and a
connection-control message transmitting unit that transmats,
according to the determination by the determining unit, a
connection-control message to request connection establish-
ment when a connection 1s required, and a connection-control
message to request connection removal when a connection 1s
not required. The second communication apparatus includes
a connection-control-message recerving unit that recerves a
connection-control message from the first communication
apparatus; a connection controlling unit that controls a con-
nection to the first communication apparatus according to
received connection-control message; and a storage unit that
stores therein a connection established by the connection
controlling unit 1n association with corresponding multicast
data.

According to another aspect of the present invention, a
communication apparatus that requests an upstream node to
transmit multicast data through a connection, and delivers the
multicast data to a terminal unit includes a multicast-control
message recerving unit that recerves a multicast-control mes-
sage concerning the delivery of multicast data; a determining,
unit that determines whether a connection needs to be estab-
lished for multicast data specified by the recerved multicast-
control message based on the multicast-control message; and
a connection-control message transmitting unit that transmaits
to the upstream node, according to the determination by the
determining unit, a connection-control message to request
connection establishment when a connection 1s required, and
a connection-control message to request connection removal
when a connection 1s not required.

According to still another aspect of the present invention, a
communication apparatus that establishes a connection to a
communication partner to transmit multicast data through the
connection includes a connection-control-message receiving
unit that receives a connection-control message sent from the
communication partner; a connection controlling umt that
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controls a connection to the communication partner accord-
ing to the recerved connection-control message; and a storage
unit that stores therein a connection established by the con-
nection controlling unit in association with corresponding
multicast data.

According to still another aspect of the present invention, a
multicast method applied to a multicast system that includes
a terminal unit, a first communication apparatus that sends a
request for transmission of multicast data to a second com-
munication apparatus and delivers multicast data to the ter-
minal unit upon receiving the multicast data from the second
communication apparatus, and the second communication
apparatus that establishes a connection with the first commu-
nication apparatus upon receiving a request from the first
communication apparatus and transmits requested multicast
data to the first communication apparatus through the con-
nection. The multicast method includes the first communica-
tion apparatus recerving a multicast-control message from the
terminal unit requesting delivery of multicast data; determin-
ing whether a connection needs to be established for multicast
data specified by recerved multicast-control message based
on the multicast-control message; and transmitting, accord-
ing to the determination at the determining, a connection-
control message to request connection establishment when a
connection 1s required, and a connection-control message to
request connection removal when a connection 1s not
required. The multicast method includes the second commu-
nication apparatus recerving a connection-control message
from the first communication apparatus; controlling a con-
nection to the first communication apparatus according to the
received connection-control message; and storing a connec-
tion established at the controlling in association with corre-
sponding multicast data.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered 1in connection with the accompanying draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic of a multicast system according to a
first embodiment of the present invention;

FIG. 2 15 a detailed block diagram of an ONU shown in
FIG. 1;

FIG. 3A 1s an example of the contents of a subscriber-
information table shown 1n FIG. 2;

FI1G. 3B 1s an example of the contents of a CID table shown
in FIG. 2;
FI1G. 4 1s a detailed block diagram of an OLT shown 1n FIG.
1
FIG. 5 1s an example of the contents of a multicast-man-
agement table shown 1n FIG. 4;

FIG. 6 15 a flowchart of the operation of the ONU shown in
FIG. 2;

FIG. 7 1s a flowchart of the operation of the OLT shown in
FIG. 4;

FIG. 8 1s a sequence diagram of a connection-establish-
ment process;

FI1G. 9 1s a detailed block diagram of an ONU according to
a second embodiment of the present invention;

FI1G. 10 1s a flowchart of the operation of the ONU shown
in FI1G. 9;

FIG. 11 1s a sequence diagram of a query-transmission
process;
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FIG. 12 1s a detailed block diagram of an OLT according to
the second embodiment;

FIG. 13 1s a detailed block diagram of an ONU according
to a third embodiment of the present invention; and

FIG. 14 1s a flowchart of the operation of the ONU shown
in FIG. 13.

DETAILED DESCRIPTION OF THE PR
EMBODIMENTS

(L]
=]

ERRED

Exemplary embodiments of the present invention are
explained below 1n detail with reference to the accompanying
drawings.

Incidentally, 1n the following description, the PON 1s used
as an example for communication that requires connection
control. However, the present invention can be applied to
other communication, such as wireless communication,
which supports multicast. Besides, while the IGMP 1s used as
a multicast control protocol, the IGMP 1s given by way of
example and without limitation.

FIG. 1 1s a schematic of a multicast system according to a
first embodiment of the present invention. The multicast sys-
tem 1includes a plurality of user terminals 100, a plurality of
optical network units (ONU’s) 200, an optical line terminal
(OLT) 300, a router 400, and a server 500.

To mitiate recerving desired multicast data, the user termi-
nal 100 sends the ONU 200 a join message for a multicast
group corresponding to the desired multicast data. When

terminating the receipt of the multicast data, the user terminal
100 sends the ONU 200 a leave message for the multicast
group.

Having received an Internet group management protocol
(IGMP) message, such as a join or leave message, from the
user terminal 100, the ONU 200 sends the OLT 300 a con-
nection-control message (hereinatter, “C control message™).
The C control message 1s sent to the OLT 300 depending on
the number of participants 1n a multicast group from all the
downstream user terminals 100, and requests a connection to
or disconnection from the multicast group.

Having recerved a C control message from the ONU 200,
the OLT 300 establishes or removes a connection to the ONU
200 according to the content of the C control message. In
consideration of the state of multicast distribution to all the
downstream ONU’s 200, the OLT 300 sends the router 400 an
IGMP message, such as a join or leave message for a multi-
cast group.

Having recerved an IGMP message from the OLT 300, the
router 400 forwards the recetved IGMP message to the server
500. Besides, the router 400 forwards multicast data received
from the server 500 to the OLT 300. The server 500 receives
an IGMP message from the router 400. The server 500 sends
multicast data for a multicast group to the router 400 con-
nected to the user terminal 100 that subscribes to the multicast
group.

FIG. 2 15 a detailed block diagram of the ONU 200. The
ONU 200 includes an IGMP-message receiving unit 201, a
message-type determining unit 202, a table controlling unit
203, a subscriber-information table 204, a connection 1D
(heremaftter, “CID”) obtaining unit 205, a CID table 206, a C
control-message generating unit 207, and a C control-mes-
sage transmitting umt 208.

The IGMP-message recerving unit 201 receives an IGMP
message ifrom the downstream user terminal 100, which
requests participation in or withdrawal from a multicast
group. On receipt of the IGMP message from the IGMP-
message recerving unit 201, the message-type determining
unit 202 determines whether the IGMP message 1s intended




US 7,715,388 B2

S

to jo1n or leave a multicast group, 1.e., whether the message 1s
a join message or leave message. The message-type deter-
mimng unit 202 informs the table controlling unmt 203 of the
result of the determination.

On recerving the determination result from the message-
type determining unit 202, the table controlling unit 203
reflects the determination result 1n the subscriber-information
table 204, and manages participation 1n respective multicast
groups irom all the downstream user terminals 100. On
receipt of a join message for a new multicast group from the
downstream user terminal 100, the table controlling unit 203
determines that 1t 1s necessary to establish a connection to the
multicast group and informs the CID obtaining unit 203 that
a connection 1s required. On the other hand, when there 1s no
participant 1n a multicast group from all the downstream user
terminals 100, the table controlling unit 203 determines that it
1s necessary to remove a connection to the multicast group.
The table controlling unit 203 informs the CID obtaiming unit
205 that a disconnection 1s required.

FIG. 3A 1s an example of the contents of the subscriber-
information table 204. The subscriber-information table 204
contains information on participation 1 multicast groups
from the respective downstream user terminals 100. In the
example of FIG. 3 A, user terminals #1 and #3 subscribe to a
multicast group A, and a user terminal #2 subscribes to a
multicast group B. There 1s no participant in a multicast group
C. Incidentally, the letter S 1in the subscriber-information table
204 stands for subscription. The subscriber-information table
204 1s updated by the table controlling unit 203 when the
IGMP-message recerving unit 201 receives an IGMP mes-
sage from the user terminal 100.

According to the information from the table controlling
unit 203, the CID obtaining unit 205 obtains from the CID
table 206 the CID of a connection to be established or
removed. The CID obtaining unit 205 informs the C control-

message generating umt 207 that the connection with the
obtained CID 1s to be established or removed. FIG. 3B 1s an

example of the contents of the CID table 206. The CID table
contains CIDs each corresponding to a multicast group. In
FIG. 3B, each of the multicast groups A to C 1s associated
with a CID that uniquely identifies a corresponding connec-
tion.

According to the information from the CID obtaining unit
205, the C control-message generating unit 207 generates a C
control message. The C control message includes a connec-
tion-request message to establish a connection and a discon-
nection-request message to remove a connection. The C con-
trol-message generating unit 207 adds the CID of a
connection to be established or removed to the C control
message. The C control-message transmitting unit 208 sends
the C control message generated by the C control-message
generating unit 207 to the OLT 300.

FI1G. 41s adetailed block diagram ofthe OLT 300. The OLT
300 includes a C control-message recerving unit 301, a
request-type determining unit 302, a table updating unit 303,
a multicast-management table 304, a connection controlling
unit 305, a response-message transmitting unit 306, a table
monitoring unit 307, an IGMP-message generating unit 308,
and an IGMP-message transmitting unit 309.

The C control-message receiving unit 301 recerves a C
control message from the downstream ONU 200, which
requests to establish or remove a specific connection. On
receipt of the C control message from the C control-message
receiving unit 301, the request-type determining unit 302
determines whether the C control message 1s a connection-
request message or a disconnection-request message. The
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6

request-type determining unit 302 informs the table updating
unmt 303 and the connection controlling unit 305 of the result
of the determination.

When informed of the determination result by the request-
type determining unit 302, the table updating unit 303 retlects
the determination result 1n the multicast-management table
304. The table updating unit 303 informs the table monitoring
umt 307 that the multicast-management table 304 has been
updated.

FIG. 5 1s an example of the contents of the multicast-
management table 304. The multicast-management table 304
stores therein information on the necessity and unnecessity of
transferring multicast data for respective multicast groups.
Incidentally, 1n FIG. 5, the letter S stands for subscription.
That 1s, for example, ONU’s #1 and #3 are connected to the
user terminal 100 that subscribes to the multicast group A,
and multicast data for the multicast group A needs to be
transferred to the ONU’s #1 and #3, but not to an ONU #2.

When informed of the determination result by the request-
type determiming umt 302, the connection controlling unit
305 establishes or removes a connection to the ONU 200.
More specifically, when the recerved C control message 1s a
connection-request message, the connection controlling unit
305 establishes a connection corresponding to a CID con-
tained 1n the C control message. When the received C control
message 1s a disconnection-request message, the connection
controlling unit 305 removes a connection corresponding to a
CID contained 1n the C control message.

On completion of the connection control in response to the
C control message, which can be a connection-request mes-
sage or a disconnection-request message, the response-mes-
sage transmitting unit 306 sends the sender ONU 200 a
response message informing that the connection control has
been completed.

The table monitoring unit 307 monitors the multicast-man-
agement table 304. When informed by the table updating unit
303 that the multicast-management table 304 has been
updated, the table monitoring umt 307 determines whether
the updating 1s caused by new participation in or withdrawal
from a multicast group. In other words, when the downstream
ONU 200 requests a connection to a new multicast group, the
table monitoring unit 307 determines that there 1s participa-
tion 1n the multicast group. On the other hand, when all the
downstream ONU’s 200 do not require anymore a connection
to a multicast group, the table monitoring unit 307 determines
that there 1s withdrawal from the multicast group. Accord-
ingly, the table monitoring unit 307 informs the IGMP-mes-
sage generating unit 308 of the result of the determination.

According to the information from the table monitoring
unit 307, the IGMP-message generating unit 308 generates an
IGMP message, such as a join or leave message for a multi-
cast group. The IGMP-message transmitting unit 309 sends
the IGMP message generated by the IGMP-message gener-
ating unit 308 to the router 400.

FIG. 6 1s a flowchart of the operation of the ONU 200. First,
the IGMP-message receiving unit 201 receives an IGMP
message from the user terminal 100 (step S101). The IGMP
message 1s a join or leave message, indicating that the user
terminal 100 requests participation in or withdrawal from a
specific multicast group. The message-type determining unit
202 determines whether the IGMP message 1s a join message
or a leave message (step S102). When the IGMP message 1s a
join message (YES at step S102), the table controlling unit
203 updates the subscriber-information table 204 (step S103).
Thus, the subscriber-information table 204 stores therein
information on the participation of the user terminal 100: the
sender of the IGMP message, in the multicast group.
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Referring to the updated subscriber-information table 204,
the table controlling unit 203 determines whether the user
terminal 100 1s the first to join the multicast group (step
S104). Taking the subscriber-information table 204 of FIG.
3A as an example, there 1s no participant 1n the multicast
group C. Consequently, 1f the user terminal #1 sends a join
message for the multicast group C, the user terminal #1 1s the
first to join the multicast group C.

If the user terminal 100 1s not the first to join the multicast
group (NO at step S104), 1.e., another user terminal 100 than
this sender user terminal 100 has already joined the multicast
group, a connection to the multicast group has already been
established. Therelore, 1n this case, there 1s no need to request
the OLT 300 to establish a new connection. When receiving,
multicast data for the multicast group from the OLT 300, the
ONU 200 sends the multicast data to this sender user terminal
100 without performing the process for connection control.

If the user terminal 100 1s the first to join the multicast
group (YES at step S104), it 1s necessary to establish a con-
nection to the multicast group. The CID obtaining unit 205
obtains from the CID table 206 the CID of the connection to
the multicast group (step S105). The CID obtaining unit 205
informs the C control-message generating unit 207 that the
connection with the obtained CID 1s to be established. The C
control-message generating unit 207 generates a connection-
request message that contains the CID and a request for the
connection with the CID. The C control-message transmitting
unit 208 sends the connection-request message to the OLT
300 (step S106).

When the IGMP message 1s a leave message (NO at step
S5102), the table controlling unit 203 updates the subscriber-
information table 204 (step S107). Thus, the subscriber-in-
formation table 204 stores therein information on the with-
drawal of the user terminal 100: the sender of the IGMP
message, from the multicast group.

Referring to the updated subscriber-information table 204,
the table controlling unit 203 determines whether the user
terminal 100 1s the last to leave the multicast group (step
S108). Taking the subscriber-information table 204 of FIG.
3 A as an example, only the user terminal #2 participates in the
multicast group B. Consequently, if the user terminal #2 sends
a leave message for the multicast group B, the user terminal
#2 1s the last to leave the multicast group B.

If the user terminal 100 1s not the last to leave the multicast
group (NO at step S108), 1.¢., another user terminal 100 than
this sender user terminal 100 still joins the multicast group, a
connection to the multicast group has to be maintained.
Therefore, 1n this case, there 1s no need to request the OLT 300
to remove the connection. When receiving multicast data for
the multicast group from the OLT 300, the ONU 200 just
stops sending the multicast data to this sender user terminal
100 without performing the process for connection control.

If the user terminal 100 1s the last to leave the multicast
group (YES at step S108), 1t 1s necessary to remove the
connection to the multicast group. The CID obtaining unit
205 obtains from the CID table 206 the CID of the connection
to the multicast group (step S109). The CID obtaining unit
205 informs the C control-message generating unit 207 that
the connection with the obtained CID 1s to be removed. The C
control-message generating unit 207 generates a disconnec-
tion-request message that contains the CID and a request to
remove the connection with the CID. The C control-message
transmitting unit 208 sends the disconnection-request mes-
sage to the OLT 300 (step S110).

As described above, according to the first embodiment, on
every receipt of an IGMP message from the user terminal 100,
the ONU 200 determines whether it 1s necessary to establish
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or remove a connection to a multicast group according to the
content of the IGMP message. Only when a connection or
disconnection 1s required, the ONU 200 sends the OLT 300 a
C control message instead of the IGMP message. With the C
control message, the ONU 200 need not send the OLT 300 a
multicast-control message and a connection-control message
separately, and can request the OLT 300 to establish or
remove a connection. In addition, the OLT 300 can determine
whether there 1s participation 1n or withdrawal from a multi-
cast group.

FIG. 7 1s a flowchart of the operation of the OLT 300. First,
the C control-message receiving unit 301 receives a C control
message sent from the ONU 200 1n the manner previously
described (step S201). The C control-message 1s a connection
or disconnection-request message, indicating that the ONU
200 requests a connection to or disconnection from a specific
multicast group. The request-type determining unit 302 deter-
mines whether the C control message 1s a connection-request
message or a disconnection-request message (step S202).
When the C control-message 1s a connection-request message
(YES at step S202), the connection controlling unit 305 estab-
lishes a connection to the ONU 200: the sender of the C
control-message (step S203). In addition, the table updating
unit 303 updates the multicast-management table 304 (step
S5204). The table updating unit 303 informs the table moni-
toring unit 307 that the multicast-management table 304 has
been updated. Thus, the multicast-management table 304
stores therein information that a connection for a specific
multicast group 1s established between the OLT 300 and the
ONU 200.

When informed by the table updating unit 303 that the
multicast-management table 304 has been updated, the table
monitoring unit 307 refers to the multicast-management table
304 to determine whether the ONU 200 1s the first to have a
connection to the multicast group (step S205). Taking the
multicast-management table 304 of FIG. 5 as an example,
only the ONU #2 has a connection to the multicast group B.
Namely, the ONU #2 1s the first one having a connection to the
multicast group B.

I the ONU 200 1s not the first to have a connection to the
multicast group (NO at step S203), 1.e., another ONU 200
than this sender ONU 200 has already requested the OLT 300
to forward multicast data for the multicast group, the OLT 300
has already received the multicast data. Therefore, 1n this
case, there 1s no need to send a request for participation in the
multicast group to the router 400 and the server 500, and the
OLT 300 does not send an IGMP-message to the router 400.
The response-message transmitting unit 306 sends the ONU
200 a response message informing that the connection has
been established (step S207). When the OLT 300 receives
multicast data for the multicast group from the router 400, the
multicast data 1s also sent to this ONU 200 newly having a
connection to the multicast group.

If the ONU 200 1s the first to have a connection to the
multicast group (YES at step S205), 1t 1s necessary to request
the router 400 to send the OLT 300 the multicast data. There-
fore, the IGMP-message generating unit 308 generates a join
message for the multicast group. The IGMP-message trans-
mitting unit 309 sends the join message to the router 400 (step
S206). With the join message, the response-message trans-
mitting unit 306 sends the ONU 200 a response message
informing that the connection has been established (step
S207). Incidentally, the response-message transmitting unit
306 can send the ONU 200 a response message immediately
alter the connection controlling unit 303 establishes a con-
nection regardless of whether the ONU 200 1s the first to have
a connection to a multicast group.
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When the C control-message 1s a disconnection-request
message (NO at step S202), the connection controlling unit
305 removes a connection to the ONU 200: the sender of the
C control-message (step S208). In addition, the table updat-
ing unit 303 updates the multicast-management table 304
(step S209). Thus, the multicast-management table 304 stores
therein information that no connection for a specific multicast
group 1s established between the OLT 300 and the ONU 200.

When informed by the table updating unit 303 that the
multicast-management table 304 has been updated, the table
monitoring unit 307 refers to the multicast-management table
304 to determine whether the ONU 200 1s the last to lose a
connection to the multicast group (step S210). In other words,
referring to the multicast-management table 304, the table
monitoring umt 307 determines whether there 1s no ONU 200
having a connection to the multicast group after the connec-
tion to this sender ONU 200 1s removed.

It the ONU 200 1s not the last to lose a connection to the
multicast group (NO at step S210), 1.¢., another ONU 200
than this sender ONU 200 still requests the OLT 300 to
torward multicast data for the multicast group, the OLT 300
has to continue receiving the multicast data. Therefore, in this
case, there 1s no need to send a request for withdrawal from
the multicast group to the router 400, and the OLT 300 does
not send an IGMP-message to the router 400. The response-
message transmitting unit 306 sends the ONU 200 aresponse
message informing that the connection has been removed
(step S207). When the OLT 300 receives multicast data for the
multicast group from the router 400, the multicast data 1s not
sent to this ONU 200 that has lost a connection to the multi-
cast group.

If the ONU 200 1s the last to lose a connection to the
multicast group (YES at step S210), 1t 1s necessary to request
the router 400 to stop sending the OLT 300 the multicast data.
Theretore, the IGMP-message generating unit 308 generates
a leave message for the multicast group. The IGMP-message
transmitting unit 309 sends the leave message to the router
400 (step S211). With the leave message, the response-mes-
sage transmitting unit 306 sends the ONU 200 a response
message informing that the connection has been removed
(step S207). Incidentally, the response-message transmitting
unit 306 can send the ONU 200 a response message 1imme-
diately after the connection controlling unit 305 removes a
connection regardless of whether the ONU 200 1s the last to
lose a connection to a multicast group. The response message
1s not necessarily the one that indicates connection establish-
ment or removal. The response message can be an acknowl-
edgement indicating that a C control message has been
received and proper connection control has been performed.

As just described, based on a C control message from each
downstream ONU 200, the OLT 300 can manage information
on which multicast group’s data 1s required by the ONU 200
using the multicast-management table 304. Referring to the
multicast-management table 304, the OL'T 300 can determine
whether there 1s participation 1n or withdrawal from a multi-
cast group. Thus, the OLT 300 can properly send an IGMP
message to the upstream router 400 as required without
receiving IGMP messages from the user terminals 100.

FIG. 8 15 a sequence diagram of an example of the connec-
tion-establishment process performed when the user terminal
100 participates in a new multicast group.

When the user terminal 100 wishes to join a multicast
group, the user terminal 100 sends a join message for the
desired multicast group to the upstream ONU 200 (step
S301). On receipt of the join message, the ONU 200 checks
whether there 1s any downstream user terminal 100 that has
already joined the multicast group referring to the subscriber-
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information table 204. It 1s assumed here that this sender user
terminal 100 1s the first to join the multicast group. Thus, a
connection to the multicast group needs to be established. The
CID of the connection to the multicast group and a connection
request are mapped to a C control message (step S302). More
specifically, the CID obtaiming unit 203 obtains from the CID
table 206 the CID of the connection to the desired multicast
group. The C control-message generating unit 207 generates
a connection-request message that contains the obtained CID
and a request for the connection with the CID. The C control-
message transmitting unit 208 sends the connection-request
message to the OLT 300 (step S303).

The C control-message receiving unit 301 of the OLT 300
receives the connection-request message from the ONU 200.
The connection controlling unit 305 establishes the connec-
tion (step S304). At the same time, the table updating unit 303
updates the multicast-management table 304 (step S305).
That 1s, the multicast-management table 304 stores therein
information that this sender ONU 200 newly requires multi-

cast data for the multicast group.
It 1s assumed here that this ONU 200 1s the first one that

requires the multicast data. The OLT 300 has to send a request
for participation 1n the multicast group to the router 400.
Accordingly, a request for participation 1s mapped to an
IGMP message (step S306). That 1s, the IGMP-message gen-
erating unit 308 generates a join message for the multicast
group. The IGMP-message transmitting unit 309 sends the
1o message to the router 400 (step S307). Besides, the
response-message transmitting unit 306 sends the ONU 200 a
response message informing that the connection has been
established (step S308).

The router 400 sends the recerved join message to the
server 500. In response to the join message, the server 500

sends the multicast data for the multicast group to the router
400. The router 400 forwards the multicast data to the OLT

300. The multicast data 1s forwarded from the OLT 300 to the
ONU 200 through the connection established by the connec-
tion controlling unit 305. Thus, the ONU 200 delivers the
multicast data to the user terminal 100, which has requested
for participation 1n the multicast group.

As described above, according to the first embodiment, the
ONU sends a C control message only once to the OLT 1n the
process ol connection control. Thereby, 1t 1s possible to mini-
mize the amount of traific caused by control information for
connection establishment and multicasting on media (optical
fiber) used for communication between the ONU and the
OLT. In other words, the waste of media due to the control
information can be suppressed. Thus, 1t 1s possible to reduce
the pressure on bandwidth for other users.

Besides, The ONU determines whether 1t 1s necessary to
request the OLT to establish or remove a connection for a
multicast group according to the number of participants in the
multicast group from all the downstream user terminals. Only
when such a request 1s required, the ONU sends a connection-
control message to the OLT, which minimizes the transmis-
s1on of messages. On receipt of the connection-control mes-
sage, the OLT performs connection control according to need.
Based on the existence of a connection for a multicast group,
the OLT determines whether the downstream ONU needs
multicast data. Thus, 1n a communication system that requires
connection setup before multicasting, communications
media can be effectively utilized, and services can be
improved.

In the following, a second embodiment of the present
invention 1s explained. According to the second embodiment,
the ONU sends a query to each user terminal at regular inter-
vals to check the number of participants 1n a multicast group.
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The ONU sends a response from the user terminal to the OLT
il necessary so that the multicast-management table of the
OLT can always be updated. When the OLT receives a query
from an upstream node, the OLT refers to the multicast-
management table to return a response to the query.

A multicast system of the second embodiment 1s 1n many
respects basically similar to that of the first embodiment
shown 1 FIG. 1. Any description for the previous embodi-
ment 1s incorporated herein msofar as the same 1s applicable,
and the same description 1s not repeated.

FI1G. 9 1s a detailed block diagram of the ONU 200 accord-
ing to the second embodiment, wherein like reference numer-
als refer to like parts as 1n FIG. 2. In addition to the compo-
nents shown 1n FIG. 2, the ONU 200 further includes a timer
221, a counter 222, a query transmitting unit 223, and a
reception determining unit 224.

The timer 221 starts counting after the table controlling
unit 203 stores 1n the subscriber-information table 204 infor-
mation that the user terminal 100 subscribes to a multicast
group. Alter every elapse of a predetermined time, the timer
221 informs the counter 222 that the predetermined time has
clapsed. The timer 221 counts the time with respect to each
multicast group.

The counter 222 increments a counter value for a corre-
sponding multicast group when informed by the timer 221
that the predetermined time has elapsed. Subsequently, the
counter 222 determines whether the counter value reaches a
predetermined value. If not, the counter 222 instructs the
query transmitting unit 223 to transmit a query. When the
counter value reaches the predetermined value, the counter
222 informs the table controlling unit 203 that there 1s no user
terminal 100 that participates 1n a multicast group corre-
sponding to the counter value. When the reception determin-
ing unit 224 determines that a join message for a multicast
group 1s received as a response to a query, the counter 222
resets a counter value for the multicast group.

The query transmitting unit 223 sends a query to all the
downstream user terminals 100 according to an instruction
from the counter 222. The query checks whether any user
terminal 100 still participates 1n a multicast group after the
predetermined time has passed from when information on
participation in the multicast group was stored in the sub-
scriber-information table 204.

The reception determining unit 224 determines whether a
join message for a multicast group 1s received as a response to
a query within a predetermined time from when the query
transmitting unit 223 transmits the query. If a join message for
a multicast group 1s received, the reception determining unit
224 structs the counter 222 to reset a counter value for the
multicast group.

FIG. 10 1s a flowchart of the operation of the ONU 200.
First, the IGMP-message recerving unit 201 receives a join
message for a multicast group from the user terminal 100
(step S401). On receipt of the join message, the table control-
ling unit 203 stores 1n the subscriber-information table 204
information that the user terminal 100 subscribes to the mul-
ticast group. It 1s also assumed here that this sender user
terminal 100 1s the first to join the multicast group.

After the subscriber-information table 204 1s updated by
the table controlling unit 203, the timer 221 starts counting
(step S402). The timer 221 monitors the elapse of a predeter-
mined time (step S403). IT the predetermined time has elapsed
(YES at step S403), the counter 222 increments a counter
value for the multicast group (step S404). The counter 222
determines whether the counter value reaches a predeter-
mined value (step S405). If not (NO at step S403), the counter
222 1nstructs the query transmitting umt 223 to transmit a
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query. The query transmitting unit 223 sends a query to all the
downstream user terminals 100 to check whether any user
terminal 100 still participates 1n the multicast group (step
S408).

Having recerved the query, each user terminal 100 returns
a j01n message for the multicast group to the ONU 200 11 the
user terminal 100 participates in the multicast group. The
reception determining unit 224 determines whether a join
message for the multicast group 1s recerved as a response to
the query within a predetermined time from when the query 1s
transmitted (step S409). If a join message for the multicast
group 1s recerved (YES at step S409), the reception determin-
ing unit 224 instructs the counter 222 to reset the counter
value for the multicast group (step S410). The counter 222
then waits to be informed by the timer 221 of the next elapse
of the predetermined time. If a join message for the multicast
group 1s not recerved within the predetermined time (NO at
step S409), the counter 222 waits to be informed by the timer
221 of the next elapse of the predetermined time while main-
taining the counter value.

As long as no user terminal 100 returns a join message 1n
response to a query, the counter 222 increments the counter
value for the multicast group after every elapse of the prede-
termined time. When the counter value reaches the predeter-
mined value (YES at step S405), the counter 222 determines
that there 1s no user terminal 100 that participates in the
multicast group. The counter 222 informs the table control-
ling unit 203 of the result of the determination. Accordingly,
the table controlling unit 203 updates the subscriber-informa-
tion table 204 (step S406). That 1s, the information that the
user terminal 100 subscribes to the multicast group 1s deleted
from the subscriber-information table 204.

The CID obtaining unit 205 1s informed that there i1s no
participant 1n the multicast group. After that, in the same
manner as previously described for the case where the last
user terminal 100 leaves the multicast group, the C control-
message generating unit 207 generates a disconnection-re-
quest message. The C control-message transmaitting unit 208
sends the disconnection-request message to the OLT 300
(step S407).

As described above, according to the second embodiment,
the ONU 200 checks the number of participants 1n a multicast
group at regular intervals. Consequently, even 1t the ONU 200
receives no leave message, the ONU 200 can detects a mul-
ticast group, in which no user terminal 100 participates, and
can request the OLT 300 to remove a connection for the
multicast group. Thereby, an unnecessary connection 1s not
maintained between the ONU 200 and the OLT 300. More-
over, the OLT 300 1s informed of the latest number of partici-
pants 1n a multicast group.

FIG. 11 1s a sequence diagram of the connection-removal
process, as an example ol connection control, performed
when the user terminal 100 leaves a multicast group without
sending a leave message to the ONU 200.

While the user terminal 100 1s participating 1n a multicast
group, the query transmitting unit 223 of the ONU 200 sends
a query to the user terminal 100 at a regular time interval AT
(step S501). In response to a query, the user terminal 100
returns a join message for a multicast group relevant to the
query to the ONU 200 11 the user terminal 100 participates 1n
the multicast group (step S502).

When the reception determining unit 224 determines that a
join message for the multicast group 1s recerved 1n response to
the query, the counter 222 resets a counter value for the
multicast group. The query transmitting umt 223 transmits a
query after every elapse of the time interval AT counted by the
timer 221 (step S501). After the user terminal 100 leaves the
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multicast group without sending a leave message to the ONU
200, the ONU 200 receives no join message from the user
terminal 100 1n response to a query, 1.€., the reception deter-
mimng unit 224 never determines that a join message 1s
received 1n response to a query.

The counter 222 increments the counter value for the mul-
ticast group, without resetting, each time the query transmait-
ting unit 223 retransmits a query after the elapse of the time
interval AT. When the counter value reaches a predetermined
value, the counter 222 determines that there 1s no user termi-
nal 100 that participates 1n the multicast group. The counter
222 informs the table controlling unit 203 of the result of the
determination. Accordingly, the table controlling unit 203
updates the subscriber-information table 204.

Because all the user terminals 100 have left the multicast
group, a connection to the multicast group needs to be
removed. The CID of the connection to the multicast group
and a disconnection request are mapped to a C control mes-
sage (step S503). More specifically, the CID obtaining unit
205 obtains from the CID table 206 the CID of the connection
to the multicast group. The C control-message generating unit
207 generates a disconnection-request message that contains
the obtained CID and a request to remove the connection with
the CID. The C control-message transmitting unit 208 sends
the disconnection-request message to the OLT 300 (step
S504).

The C control-message recerving unit 301 of the OLT 300
receives the disconnection-request message from the ONU
200. The connection controlling unit 305 removes the con-
nection (step S505). At the same time, the table updating unit
303 updates the multicast-management table 304 (step S506).
That 1s, the multicast-management table 304 stores therein
information that this sender ONU 200 does not require mul-
ticast data for the multicast group. The response-message
transmitting unit 306 sends the ONU 200 a response message
informing that the connection has been removed (step S507).

At this point, the multicast-management table 304 1s
updated and contains the latest information. Thus, having
received a query about the number of participants 1n a multi-
cast group from the upstream router 400, the OLT 300 need
not inquire each user terminal 100 about participation in the
multicast group via the ONU 200. The OLT 300 refers to the
multicast-management table 304, and thereby sends a join
message to the router 400 as a response to the query.

FI1G. 12 1s a detailed block diagram of the OLT 300 accord-
ing to the second embodiment, wherein like reference numer-
als reter to like parts as 1n FI1G. 4. The OLT 300 of the second
embodiment 1s of essentially the same construction except
that i1t includes a query recerving unit 321. The query receiv-
ing unit 321 receives a query from the upstream router 400,
and 1informs the table monitoring unit 307 of the recerved
query.

The table monitoring unit 307 refers to the multicast-man-
agement table 304 to check the number of participants 1n a
multicast group asked by the query. In other words, the table
monitoring unit 307 checks whether there 1s any ONU 200
that requires multicast data for the multicast group. The table
monitoring unit 307 can obtain the latest number of partici-
pants because the ONU 200 sends a query to each user ter-
minal 100 at regular intervals and the results obtained by the
query 1s reflected in the multicast-management table 304.

According to the result ol the check by the table monitoring
unit 307, if participation in the multicast group is still
required, the IGMP-message transmitting unit 309 sends a
joinmessage to the router 400. If participation in the multicast
group 1s not required any more, the IGMP-message transmiut-
ting unit 309 sends a leave message to the router 400.
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As described above, according to the second embodiment,
the ONU checks the number of participants 1n a multicast
group from downstream user terminals at regular intervals.
When connection control 1s required between the ONU and
the OLT, the ONU sends a connection-control message to the
OLT. Consequently, the multicast-management table of the
OLT 1s always updated. Therefore, having received a query
from an upstream node, the OLT can send back information
about participation 1n a multicast group without making an
inquiry to each user terminal or the ONU. Thus, traffic caused
by control information can be reduced between the ONU and
the OLT, and control delay can be reduced.

In the following, a third embodiment of the present inven-
tion 1s explained. According to the third embodiment, when
the ONU recetves a leave message from the user terminal, the
ONU waits for a join message sent immediately after the
leave message from the same user terminal. On receipt of a
join message, the ONU requests the OLT for connection
changeover.

A multicast system of the third embodiment 1s 1n many
respects basically similar to that of the first embodiment
shown 1n FIG. 1. Any description for the previous embodi-
ment 1s incorporated herein msofar as the same 1s applicable,
and the same description 1s not repeated.

FIG. 13 1s adetailed block diagram of the ONU 200 accord-
ing to the third embodiment, wherein like reference numerals
refer to like parts as 1n FIG. 2. In addition to the components
shown 1n FIG. 2, the ONU 200 also includes a timer 241 and
a reception determining unit 242. Further, the CID obtaining
unit 205 and the C control-message generating unit 207 are
replaced by a CID obtaining unit 205¢ and a C control-
message generating unit 207a, respectively.

According to information from the table controlling unit
203, the CID obtaining unit 205a obtains from the CID table
206 the CID of a connection to be established or removed.
The CID obtaiming unit 2054 informs the C control-message
generating unit 207q that the connection with the obtained
CID 1s to be established or removed. Having been informed
by the reception determining unmit 242 of the receipt of a join
message within a predetermined time when the information
indicates the removal of a connection, the CID obtaining unit
20354 determines whether both connection establishment and
removal are required. If both connection establishment and
removal are required, the CID obtaining unit 2054 obtains
from the CID table 206 the CIDs of connections to be estab-
lished and removed, respectively. The CID obtaining unit
205a outputs the CIDs with information on connection
changeover to the C control-message generating unit 207a.

According to imformation from the CID obtaining unit
2034, the C control-message generating unit 207a generates a
C control message. The C control message includes a con-
nection-request message to establish a connection and a dis-
connection-request message to remove a connection. When
the information indicates a connection changeover, the C
control-message generating unit 207a generates a connec-
tion-changeover message that contains the CIDs of connec-
tions to be established and removed, respectively.

The timer 241 starts counting after the table controlling
unit 203 stores in the subscriber-information table 204 infor-
mation that the last user terminal 100 leaves a multicast
group. Alter every elapse of a predetermined time, the timer
241 1informs the reception determining unit 242 that the pre-
determined time has elapsed. The timer 241 counts the time
with respect to each multicast group.

The reception determiming unit 242 monitors IGMP mes-
sages each classified as a join or leave message by the mes-
sage-type determiming unit 202. The reception determining
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unit 242 determines whether a join message for a multicast
group 1s recetved from the last user terminal 100 that has sent
a leave message for another multicast group within a prede-
termined time from when the timer 241 starts counting. If a
j01n message for a multicast group 1s recerved from the last
user terminal 100 that leaves another multicast group, the
reception determining unit 242 informs the CID obtaining,
unit 2054 of the receipt of the join message.

FIG. 14 1s a flowchart of the operation of the ONU 200.
First, the IGMP-message receiving unit 201 receives a leave
message from the user terminal 100 (step S601). Onreceiptof
the leave message, the table controlling unit 203 stores 1n the
subscriber-information table 204 information that the user
terminal 100 leaves a multicast group. It 1s assumed here that
this user terminal 100 1s the last to leave the multicast group.

Simultaneously with the update of the subscriber-informa-
tion table 204 by the table controlling unit 203, the timer 241
starts counting (step S602). The timer 241 monitors the elapse
of a predetermined time (step S603). If the predetermined
time has elapsed (YES at step S603), the timer 241 informs
the reception determining unit 242 that the predetermined
time has elapsed. The reception determining unmit 242 moni-
tors the results of determinations on IGMP messages made by
the message-type determining unit 202 from when the timer
241 starts counting until the elapse of the predetermined time.
Thereception determining unit 242 determines whether a join
message for a multicast group 1s received from the user ter-
minal 100 that has sent a leave message for another multicast
group (step S604).

If the user terminal 100 requires a connection changeover
to leave a multicast group, the user terminal 100 1s likely to
request to join another multicast group immediately after
leaving the previous one. Accordingly, 1t the ONU 200
receives a leave message from the user terminal 100, the ONU
200 does not send a disconnection-request message to the
OLT 300 right after the leave message 1s received, but waits
for a join message from this user terminal 100.

When determining that a join message 1s recerved (YES at
step S604), the reception determining unit 242 informs the
CID obtaining unit 205a of the receipt of the join message.
The CID obtaining unit 205aq determines whether the join
message 1s sent from the user terminal 100 that 1s the first to
101n a multicast group. It 1s assumed here that this j01n mes-
sage 1s sent from the user terminal 100 that 1s the first to join
a multicast group. In this case, the CID obtaining unit 205a
determines that a changeover from one multicast group to
another 1s required. The CID obtaimng unit 205 obtains
from the CID table 206 the CIDs of connections to both the
multicast groups, 1.e., the multicast group the user terminal
100 1s to leave and that the user terminal 100 1s to join.

The CID obtaining unit 205a outputs the CIDs with infor-
mation on connection changeover to the C control-message
generating unit 207q. The C control-message generating unit
207a generates a connection-changeover message that con-
tains the two CIDs. The C control-message transmitting unit
208 sends the generated connection-changeover message to
the OLT 300 (step S605).

When determining that a join message 1s not received (NO
at step S604), the reception determining unit 242 informs the
CID obtaining unit 205q of the result of the determination. As
in the first embodiment, the CID obtaining unit 205a obtains
from the CID table 206 the CID of a connection to the mul-
ticast group the user terminal 100 1s to leave. The C control-
message generating unit 207a generates a disconnection-re-
quest message. The C control-message transmitting unit 208
sends the disconnection-request message to the OLT 300

(step S606).
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As described above, according to the third embodiment, 1f
the ONU recetves a leave message from the last user terminal
that leaves a multicast group, the ONU 200 does not send a
disconnection-request message to the OLT rnight after the
leave message 1s received. When receiving a join message for
another multicast group from the same user terminal, the
ONU sends a connection-changeover message to the OLT.
Thus, traific caused by control information can be further
reduced between the ONU and the OLT.

As set forth herein above, according to the embodiments of
the present invention, a first communication apparatus
(ONU) sends a second communication apparatus (OLT) a
connection-control message that contains information on the
necessity or unnecessity of a connection. Based on the exist-
ence ol a connection, the second communication apparatus
determines whether the first communication apparatus needs
multicast data, and performs connection control as required
In other words, the first communication apparatus can send
the second commumication apparatus control nformation
concerning both multicasting and a connection at once. Thus,
in a communication system that requires connection setup
before multicasting, communications media can be effec-
tively utilized, and services can be improved.

Having received a message from a user terminal, the first
communication apparatus determines whether the user termi-
nal 1s the first to request the delivery of multicast data, or
determines whether the user terminal 1s the last to request to
stop the delivery of multicast data. Thereby, the first commu-
nication apparatus sends a connection-control message to the
second communication apparatus only whennecessary. Thus,
it 1s possible to reduce the number of times the first commu-
nication apparatus transmits a connection-control message.

Besides, information on the necessity and unnecessity of
transierring multicast data 1s always updated in the second
communication apparatus. Based on the information, the sec-
ond communication apparatus sends an upstream node a
request for the delivery of multicast data or a request to stop
the delivery of multicast data. Thus, 1t1s possible to reduce the
number of times the second communication apparatus trans-
mits arequest for multicast data, as well as to prevent waste of
bandwidth for multicasting. In addition, the second commu-
nication apparatus can sends the upstream node information
as to whether multicast data 1s required without making an
inquiry to downstream user terminals or the first communi-
cation apparatus.

When a user terminal requests a changeover from one
multicast data to another, the first communication apparatus
can request both connection establishment and removal at the
same time. Thus, it 1s possible to further reduce the number of
times the first communication apparatus transmits a connec-
tion-control message.

Although the invention has been described with respect to
a specific embodiment for a complete and clear disclosure,
the appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.

What 1s claimed 1s:

1. A multicast system comprising:

a plurality of terminal units;

a 1irst communication apparatus that sends a request for
transmission of multicast data to a second communica-
tion apparatus and delivers multicast data to at least one
of the terminal units upon receiving the multicast data
from the second communication apparatus; and

the second communication apparatus that establishes a
connection with the first communication apparatus upon
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receiving a request from the first communication appa-

ratus and transmits requested multicast data to the first

communication apparatus through the connection,
wherein

the first communication apparatus includes

a first multicast-control message recerving unit that
recetves a first multicast-control message from a ter-
minal unit among the terminal units requesting deliv-
ery of multicast data;

a determining unit that determines whether a connection
needs to be established for multicast data specified by
recerved first multicast-control message based on the
first multicast-control message; and

a connection-control message transmitting unit that
transmits, according to the determination by the deter-
mining unit, a connection-control message to request
connection establishment when a connection 1s
required, and a connection-control message to request
connection removal when a connection 1s not
required, and

the second communication apparatus includes

a connection-control-message receiving umt that
recerves a connection-control message from the first
communication apparatus;

a connection controlling unit that controls a connection
to the first communication apparatus according to
recerved connection-control message; and

a storage unit that stores therein a connection established
by the connection controlling unit in association with
corresponding multicast data.

2. The multicast system according to claim 1, wherein

the first multicast-control message 1s a request from the

terminal umt for the delivery of multicast data, and

the determining unit checks whether only the terminal unit

requests the delivery of the multicast data, and deter-

mines that a connection needs to be established when
only the terminal unit requests the delivery of the mul-
ticast data.
3. The multicast system according to claim 1, wherein
the first multicast-control message 1s a request from the
terminal unit to stop the delivery of multicast data, and

the determining unit checks whether only the terminal unit
among the terminal units receives the delivery of the
multicast data, and determines that a connection needs to
be removed when only the terminal unit receives the
delivery of the multicast data.

4. The multicast system according to claim 1, wherein the
second communication apparatus further includes

a second multicast-control message generating unit that

refers to the storage unit, and generates a second multi-

cast-control message concerning transmission of multi-
cast data according to whether a connection correspond-
ing to the multicast data has been established; and

a second multicast-control message transmitting unit that

transmits the generated second multicast-control mes-

sage to an upstream node.

5. The multicast system according to claim 4, wherein the
second multicast-control message generating unit generates
the second multicast-control message to request multicast
data the first time a connection corresponding to the multicast
data 1s established.

6. The multicast system according to claim 4, wherein the
second multicast-control message generating unit generates
the second multicast-control message to request to stop trans-
mitting multicast data when all connections corresponding to
the multicast data are removed.
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7. The multicast system according to claim 4, wherein the
second communication apparatus further includes a query
receiving unit that recerves from the upstream node a query to
check whether transmission of multicast data 1s still required,
wherein

the second multicast-control message generating unit
refers to the storage unit, and generates the second mul-
ticast-control message according to the existence of a
connection for transmitting the multicast data corre-
sponding to the recerved query.

8. The multicast system according to claim 7, wherein the
second multicast-control message generating unit generates
the second multicast-control message to request the multicast
data when the connection for transmitting the multicast data
exists.

9. The multicast system according to claim 7, wherein the
second multicast-control message generating unit generates
the second multicast-control message to request to stop trans-
mitting the multicast data when no connection for transmit-
ting the multicast data exists.

10. The multicast system according to claim 1, wherein the
first communication apparatus further includes

a timer that counts a predetermined time from when the
determining unit determines that a connection for mul-
ticast data needs to be established;

a query transmitting unit that transmits a query to the
terminal units after every elapse of the predetermined
time to check whether the delivery of the multicast data
1s still required; and

a controlling unit that causes the connection-control mes-
sage transmitting unit to transmait the connection-control
message to request connection removal when there 1s no
response to the transmitted query.

11. The multicast system according to claim 1, wherein the

first communication apparatus further includes

a timer that counts a predetermined time from when the
determining unit determines that a connection for mul-
ticast data 1s not required due to a first multicast-control
message from any one of the terminal units;

a reception determining unit that determines whether a first
multicast-control message for the delivery of another
multicast data 1s received from the terminal unit within
the predetermined time; and

a controlling unit that causes the connection-control mes-
sage transmitting unit to transmit a connection-control
message to request a connection changeover when a first
multicast-control message for the delivery of another
multicast data 1s recerved from the terminal unait.

12. A multicast method applied to a multicast system that
includes a terminal unit, a first communication apparatus that
sends a request for transmission of multicast data to a second
communication apparatus and delivers multicast data to the
terminal unit upon receiving the multicast data from the sec-
ond communication apparatus, and the second communica-
tion apparatus that establishes a connection with the first
communication apparatus upon recerving a request from the
first communication apparatus and transmits requested mul-
ticast data to the first communication apparatus through the
connection, the multicast method comprising:

the first communication apparatus

receiving a multicast-control message from the terminal
unit requesting delivery of multicast data;

determining whether a connection needs to be estab-
lished for multicast data specified by recerved multi-
cast-control message based on the multicast-control
message; and
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transmitting, according to the determination at the deter-
mining, a connection-control message to request con-
nection establishment when a connection 1s required,
and a connection-control message to request connec-
tion removal when a connection 1s not required, and

the second communication apparatus

receiving a connection-control message from the first

communication apparatus;

20

controlling a connection to the first communication
apparatus according to the recerved connection-con-
trol message; and

storing a connection established at the controlling 1n
association with corresponding multicast data.
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